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This report contains the results of a study of handbook methods for
predicting normal force and center of pressure of blunt free-fall
shapes. The work was sponsored by the Air Force at the request of
C. B. Butler, Air Force Armament Test Laboratory.(AFATL), Eglin

Air Force Base, Florida. Existing handbook methods apply to slender
bodies and break down when applied to blunt free-fall shapes.
Reference material on blunt shapes and systematic blunt-body wind-
tunnel test results obtained by C. B. Butler were the source of g
information used to test and modify the existing handbook prediction '
methods to apply to blunt shapes. This project was performed under
Task Number NOL-533/AF.
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maximum increment of normal force above o' (Fig. 58)

body diameter also referred to as caliber, used as
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- base influence factor (Fig. 27)
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G - crossflow drag correction factor due to axial

A e+ et L e o

pressure gradient (Fig. 34)

XYPCVLTe

H - reduction factor to allow for effect of base

Bl Yrertinta

influence on viscous normal force and pitching

moment (Fig. 29)

J - reduction factor to allow for effect of nose on

viscous normal force and pitching moment (Fig. 30)

K - effect of incidence on ratio of .
Cp (turbulent separation)
c
(Fig. 31)
Cp (laminar separation)
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Ky - Munk's apparent mass factors (Fig. 2)
b
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Kpp - boattail factor (Fig. 36) 1%
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? M - Mach number 3
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? q - dynamic pressure at M (psia) ;
: r, - radius of corner of blunt nose (inches)
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Spt -~ projected area of boattail (square inches) 4

Seff - effective fin area (Fig. 53) {’

S¢ - projected area of flare (sguare inches) ;

Sfe - exposed area of fin panels in horizontal plane %

3

(Fig. 41) (square inches)

gt

Sw - wetted area of fins (Sg, + cd) (square inches) 5
t - fin thickness (inches) ;
Xop - location of center of pressure of normal force %
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X XN - nose and body lengths as expressed on Figure 26 i
7
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chord (Fig. 62, 63)
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vertical distance between two horizontal planes as
on Figures 69, 70
angle of attack (degrees or radians)
see Figure 56
Mach number parameter ‘[55:1 where M<1,
B = 4IM2-1
angle between fin leading edge and body on clipped
delta fin (Fig. 52a - f)
fin taper ratio (ct/c)
angle between fin leading edge and body on delta
fin (Fig. 52a ~ f)
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INTRODUCTION

The design of blunt free-fall shapes requires a source of
aerodynamic performance characteristics for use in predicting the
free-fall trajectory. The blunt shape may be described as a body
symmetrical in both planes with a characteristic blunt-nose shape
and a low-aspect ratio tail configuration. In calculating the
aerodynamic characteristics of the shape, the order of procedure is
to find: (1) drag, (2) static stability and (3) dynamic stability,
magnus, and roll damping. The drag is dependent primarily on the
nose shape and usually may be quickly fixed because of fuzing
requirements.

The procedure used by handbooks such as the "USAF Stability
and Control Handbook" sometimes referred to as DATCOM (Ref. (1))
and the AMCP 706-280 "Design of Aerodynamically Stabilized Free
Rockets" (Ref. (2)) is to calculate the drag and lift of the com-
ponent parts of a body and then add them up, with appropriate
influence factors, to arrive at total aerodynamic coefficients. The
two handbooks mentioned are comprehensive and are good guides to this
procedure. For use in blunt body design, some of the charts in the
handbook are not applicable since both handbooks start with the
premise that every aerodynamic shape is first of all a slender
streamlined body.

The purpose of this report was originally to collect available

blunt-body aerodynamic data from test reports on shapes already

————
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designed. This collection of data was to form the foundation for a
handbook for blunt-body design.

After collecting the available data, the author attempted to
use the AMCP handbook to calculate the normal force and center of
pressure for various blunt shapes and compare the calculated values
with the experimental values taken from the collected reference data.
This started the basis for putting together a modified version of
the Static Stability section of the AMCP handbook.

ESTIMATING STATIC-STABILITY COEFFICIENTS OF NONROLLING BLUNT SHAPES

A body in flight experiences two primary static forces: 1ift
and drag. The total of the pressures distributed over the body sur-
face are resolved into these two static force components. Lift and
drag are aircraft forces related to the ground as a reference plane.
In the free-fall shape, the pressures over the body are referred to
the body axis system which coincides with the ballistic path during
fall. The forces are given in dimensionless coefficient form to
ease scaling of the forces to body size and operating altitude.
Instead of 1lift and drag, we have normal forece (F;) and axial force
(Fx) which in coefficient form are Cy = Fz/qSpef and Cp = Fx/qSref.
For a body in flight to be statically stable, the center of pressure
of the normal force (xcp) must be behind the body center of gravity.
Generally on bodies, it is necessary to add a tail configuration to
move the center of pressure back of the center of gravity.

The procedure in finding the normal force coefficient and the
center of pressure of a blunt shape is to start by estimating the
normal force and center of pressure for the nose-body combination

alone and then select a tail configuration and calculate normal force

sy

A 2

g e OO T - - PR L e



-

3

Caicig

(i3d

el ) i

TR

AR

pacs

NOLTR 73-225

CENTER OF GRAVITY X

FIG. 1 STATIC STABILITY AXIS SYSTEM FOR BLUNT FREE FALL BODIES
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and center of pressure for the tail. The two component forces are
added together and the overturning moments they cause, acting about
the center of gravity, determine the location of the resultant center
of pressure. The resultant normal force acting at the resultant
center of pressure causes a resultant moment about the center of
gravity which is referred to as the pitching moment (My). Generally
the aerodynamic coefficients are functions of the Mach number

(speed) and angle of attack to the wind (a). Figure 1 shows the sta-
tic force axis system with the normal force caused by the body being
at angle of attack, a.

Following are methods with accompanying figures for use in
estimating the normal force coefficients (Cy) and the center of
pressure (xcp) for blunt-shaped bodies and typical stabilizing
configurations. The handbook first tells how to find Cy and xgp

near o = 0°, Up to a = 4 to 8 degrees, the values are linear with

angle of attack. The nonlinearity begins when the body crossflow
drag force comes into play. So to construct a curve of Cy and

Cm or (xgp) versus a up to high angles of attack, the curves must
bz built up in sections. Another point that will be noted is that
there are separate curves and charts for subsonic and supersonic
speeds. The handbook starts with the nose-body at subsonic speeds,
goes through supersonic speeds and then does the same with the
stabilizing tails. On the figures and illustrations, nose and body
lengths are given as &N and £B with the total length as &. Wher

shown this way, it is understood that all lengths have been divided

by the body diameter, d, such that the dimensions are said to be in

calibers.
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Cy NORMAL FORCE SLOPE COEFFICIENT OF BLUNT-NOSE CYLINDER AT SUBSONIC
a

SPEEDS
The slender-body theory provides a basis for obtaining CNa at

subsonic speeds at low angles of attack where viscous crossflow

forces are small. The theory states that:

T e T TR TR B TR T

dc (Ko - K9) ds
MY . 272 7 10 2] sin 20 (Ref. (2)) (1)
dx Sref dx

which when integrated from x = 0 to x = £ gives

S

ref

Cy, 2(Kp - K1) (2)

a=0

(K2 - Kl) is the apparent mass factor defined by Munk in

o ot I S T T e YR

Reference (3). The theory does not apply very well at low-fineness

ratios (2/d < 4.0) because the nose bluntness begins to overpower

the body effects.

For fineness ratios less than 1.0, normal force is very

N PR T
ot LA A A SR L e £y 3 it s J

sensitive to nose radius for flat-face noses. As the nose shape
approaches a hemisphere, the sensitivity to nose shape disappears.

CNa for blunt-nosed bodies may be obtained from Figure 2 which

includes experimental data from References (4), (5), and (6) and a

plot of CNa using the slender-body theory, as presented in

£

Reference (2).

' For blunt-~face cylinders where &/d < 2.0, CNa can be negative
at angles of attack from 2 to 20 degrees.
The cause is explained in Reference (7) as a separation bubble

along the top surface of the cylinder starting at the corner of the
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flat face and body juncture which gives a negative normal force.

B RA M p fou STt v 2 e e
=

As the cylinder becomes longer, the flow reattaches and past the

point of reattachment the flow is normal and gives a positive normal

TR R TS
i s Ll et ¢ b w Mo Lo Yt son e rit A

force. Figure 3 shows the effect of nose shape on Cy versus « for

Ltk

2/d = 0.5 cylindrical body. Figure 4 shows Cy versus o for flat-

ez S

faced cylindrical bodies of &/4 = 1.0, 1.5, and 2.0.
EFFECT OF VISCOUS FORCES ON NORMAL FORCE

T T T ST

At low angles of attack, generally only the nose shape affects

[T RS AT

a1~ § 2l

the normal force on a cylindrical body. For blunt bodies where

&)

ro/d < 0.5, the length of the body also affects normal force. As

the angle of attack increases, the body is exposed to the wind; and

St Gt & o S Eannt Dl Rt

a crossflow drag component is added to the normal force.

g i ACNG = nCDc S—r-;f' sSln o (3)

. This normal force component is the Allen-Perkins Viscous
Crossflow component (Ref. (8)). Values of Cp, and n may be found
on Figures § and 6.

In testing Equation (3) with the existing blunt-body data, two
things were found: (1) that the onset of viscous crossflow was
affected by the body length and (2) that the crossflow component so
predicted was too high. TFigure 7 shows the angle of attack (a),

where the crossflow component becomes part of the normal force

plotted as a function of body length. Figure 8 shows a reduction

Rt d

: factor (e) which reduces the effective cylindrical planform area Ap

A

» of the cylindrical body.
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FIG. 3 EFFECT OF NOSE CORNER RADIUS ON C
SUBSONIC SPEEDS (REF 4)
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FIG. 5 CROSS-DRAG COEFFICIENT FOR CIRCULAR CYLINDER AS A FUNCTION OF
CROSS FLOW MACH NUMBER (REF 8)
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0.9

0.5 1 1 | | | 1 1 { ] |
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DRAG PROPORTIONALLY FACTOR, 7

EFFECTIVE LENGTH-TO-DIAMETER RATIO, IZ/AP

FIG. 6 RATIO OF THE DRAG OF A FINITE CYLINDER TO THAT OF AN
INFINITE CYLINDER AS A FUNCTION OF THE FINENESS RATIO
OF THE FINITE CYLINDER. (REF 8)
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12 b Ll iy

FIG. 7 ANGLE OF ATTACK OF CYLINDRICAL BODIES WHERE CROSS-FLOW DRAG BEGINS TO AFFECT
NORMAL FORCE AS A FUNCTION OF CYLINDER LENGTH FOR SUBSONIC SPEEDS (REF. 6)

1.0
eAs= exf xd
0.8 F P8
0.6 - ~
e -~ A T /d=0.5
0.4 | —Q —Q
G/ A-rc/d=4‘25
0.2 P / rc/d=o
0 L o - | 1 ]
2 4 6 8 10 12

y)

FIG. 8 REDUCTION FACTOR (e) FOR CYLINDER PLANFORM AREA ACTED ON BY
CROSS-FLOW DRAG FOR SUBSONIC SPEEDS (REF 6)
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The complete expression for ncrmal force of a blunt body for «
between end of linearity and 15° is:
Cy = CNg 0(a) + nCDce(Ap/Sref)sinza (4)
o=

Xcp CENTER OF PRESSURE OF BLUNT NOSE CYLINDERS AT o NEAR 0 DEGREE
FOR SUBSONIC SPEEDS

At low angles of attack, the center of pressure of the normal
force (xcp) for a flat-faced cylinder has an apparent shift in
location from ahead of the flat face for 2/d < 1.0 to aft of the
flat face between 2/d = 1.0 to 3.0. This shift in location is
caused by the separation bubble over the upper surface of the cylin-
der. Figure 9 shows Xqp for blunt-faced cylinders up to &/4 = 11.0
for subsonic speeds.

Generally increasing nose bluntness increases the static {
stability of a body. Figure 10 shows the effect of nose corner i
radius (r,/d) on the location of xgp for a 7-caliber cylindrical
body. Summarizing for Figures 9 and 10, static stability decreases

with increasing r,/d, increases with the addition of an oversized ;

¥ NCa2 Sk

ring, and is not much affectad by concaving the flat face.

Figure 11 shows Xcp for blunt bodies M = 1.0. Here again, stability

is improved by bluntness of the nose.

Cy AND x¢p FOR BLUNT AND SLENDER-NCSED CYLINDERS OF &/d = 6 TO 15
FOR o« = 0 TO 10 DEGREES, FOR M = 0.8 TO 1.2

A method, developed by H. Barth (Ref. (9)), gives
charts for calculating CN and xcp from o« = 0 to 10 degrees
angle of attack. The charts are good over a range of M = 0.8

to 1.2 and body length &/d = 6 to 15. Nose bluntness varies
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ch (CALIBERS FROM NOSE)
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NOSE NOSE A LOCATION
SHAPE | '</d SHAPE /4 | MODIFICATION FROM TIP
o 0 b 0 1.1-D RING 0
o |o0.12s d 0 1.1-D RING -0.58D
o | o.25 L.} 0 1.0-D PLATE 40.25D
. 1 0 0.8-D CAVITY | -0.2D(WITH 12-0.05D BLEEDS)
a | o.500 DEEP
g | 0125 1.1-DRING -0.58D

1 H i 1 1 1

0.2 0.4 0.6 0.8 1.0 1.2
MACH MUMBER

FIG. 10 EFFECT OF VARIOUS BLUNT NOSE SHAPES ON NORMAL FORCE CENTER OF
PRESSURE (ch) WHEN a =0 DEGREES FOR A 7-CALIBER CYLINDRICAL BODY

(REF &)
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NOTE: SEE SYMBOL KEY
ON FIG. 10

FIG. 1 ch-CENTER OF PRESSURE FOR BLUNT CYLINDRICAL BODIES,
M=1.0 (CALIBERS FROM NOSE) (REF 6)
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from flat to a 2.5-caliber ogive and cone. By this method which is

based on experimental data:

2
Cy = C (a) + Cy_ (@) (5)
N Naa=0°“ Ngo a
Xop = (ch a=00 t Dyo (6)

Figures 12, 13, 14, and 15, a through g, are carpet plots of CNa’
CNag’ Xcp> and Dy as a function of M and &g/d. The ordinates of
the plots do not give the desired values directly. As an example
for Figure 12a, the ordinate gives CNa + 0.4 25/d = A so that

CNa = A - 0.4 2p/d.

CNa AND xcp FOR BLUFF CYLINDERS 2/d = 1 TO 11, o« NEAR 0 DEGREE.

a=0
AND a = 10 DEGREES FOR SUPERSONIC SPEEDS

Figures 16 and 17 give C and x_,. for short bluff cylinders
g N, cp
a=0

over the Mach number range of 1.2 to 2.5. These figures are based
on the AEDC data (Ref. (6)). As a companion to these, Figures 18a
and b give the center of pressure of Cy when o = 10°, This accounts
for the nonlinearity above a = 4 to 8 degrees. Here Cy is found
with Equation (4) and:

C (7)

my=100 -~ Ng=10° ¥CPa=100

CNa AND xcp FOR SLENDER CYLINDRICAL BODIES, o NEAR 0 DEGREE FOR
SUPERSONIC SPEEDS

Carpet plots from Reference (2) are reproduced on Figures 19
through 22. These plots based on experimental data are for ogives

and cone-nosed cylinders where %,/d = 3 to 7 and M = 1.4 to 7.0.
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FIG, 18a CENTER OF PRESSURE (ch) AT a=10 DEGREES FOR CYLINDRICAL
BODIES AT TRANSONIC SPEEDS (REF 6)
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NORMAL FORCE AND PITCHING MOMENT FOR CONE CYLINDERS WHERE
o= 0 TO 50 DEGREES FOR SUBSONIC AND SUPERSONIC SPEEDS

a

K. D. Thomson formulated a rapid method for calculating Cy and

- Cp for cone cylinders for the angle-of-attack range of 0 to 60 degrees. 3
The method is good for bodies 2/d > 3 where éone half angle does not i

exceed 75° and the crossflow Mach number (M,) does not exceed 0.8

(Ref. (10)). By Thomson's method:

Cy = aCy, *+ 4Cy, (8)

where: ACy. = 1 CN sin 2a (inviscid contribution)
1 2 a

{
B
1
1
4
B
¢
£
4
s
A

Cy is found on the appropriate figure
o

in this report and ACNv = is the viscous flow contribution.

= — cot a [Bl. + [A] + H[A] (9)

KF sin &« cos o

For the pitching moment referred to the nose tip:

Cp = ACp, + ACp, (10) |
1 . - |
where: ACp, = 5 CN  Xcp sin 2o (the inviscid contribution) 4
3
Xep is taken from the appropriate figure g
2 X X ~E X bl
= — cot a [C] + [B] + HIB] (11) ‘
2 S 0 X X, -
KF cos”a N L
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0 € X < 1.0 (REF 10)

N JEN VA Y S T . 1 -3 4 4 4 4
-t 4-§-4. - - §- -4
-4 SU R (P et o - 2 S -t o 4.1 4

]
0.2

- R T o 4§ 33§ 41— 4 4

X
FIG. 242 VARIATION OF THE FUNCTION B WITH X AND M.

14
12
1.0
08
06
04

R T I T ey

- (2ar .~ seonrt - s P S L) P . S T L IR PR L I & 7.
“ . 2.V Mg NN gn s W AT s g P b S a T o s miedvl 6l cdo i peW L ] 33 Sty ad s T s A, . crartin o 2
Laioviioa ¥ o I 2 sy S rot At 4



RS Lo T 2

S e e

har, ceg 53

p= )
~ R " o lo
HH _0 .0 N n“ “ Y _Oi_M_ da pidils vl _._.1“ iy Tin . v “
[N} [ U Y - |- H H . ¥ N .-M m .
iS4 N TN HHIH AR B i Hafi
] N ”."l . JT N H 7 ] TV ] .n i :
i N 4 TN I A BRENN K i '
Ilr IIII. i SR JI“ IR : i m ' s o
] M s N L] ] .t ! N
] [ O
] ARRERARRAR n CERNN IR .,JJI. IIII : il P " o~ =
ny n All..( !II. ,II _ 100 []
L i-F - . P |- SN NN HH e, i i i a
ATYEAA X T T T T ] .
| I i rlr.l 4111 .II N Y ! :m & ] .__ N J O 4
i uJﬂl.II 2 9 ../_f_/l". : ! i H ! DL ' o <
! T 4 i Y 13 v Y
i PR RN SNSRI e U S x
v NS NS H B T T RN N T -~
: TS T v Ty [N R N
! PR T THIRREIN NN O T T HHBHH =
[ : BECEHHR NN RS L N ML o 38
s IT T F " I T NITIN 7 T H 1 e =@
1 A1 i reddiis TR R I o re]
! ! NG TN Z
" I - - H LN J N RENY SN o~ o
Q EHHITE ] NS RN | K e e oS
o~ H - /”I./ II ] J..I H.II.III 4 i o TA&-
Ry g = 3 ./r// HHE : - U
R ~ Ty LT ENER Nihe ¥ N NN FERY i Z
~ wo , THITN W N S I L Swv
m 2- "_ : m ._Ib II AI /4/ _n ".m_ ..m ” Fx
—d < P i ] ] p N . ,__ e _ 17}
o S ““ ._ — Ny N ] ] . m. L 4. H/\\
1 B . RN s "
Z O B R | 1NN N i wQ
i L) ..“. ﬁ A lﬂl ¢ oo
<po|i N : -
' A H // . :
\ﬁv/ . n_“ H 'h ¢ H oo~ O
o [V : “" i [ N I <“ — n
ﬂh/l\ ”w _. [ i NG N } ! A
ol A, n * NN N i : =
+ ! T. ! - /r/rz%z —] o N
= ~ i q NS >
R 1} [y i i S RSN 2
A * . i ! Titigl:, H . .m N SO u
T [ INEE i T YR Ea l.m. =
x a o E i _: X THIHIL ‘r TN .
-3 L ! i i B ! | [ TN )
o 1 AERRRRAE T _ NN © =
w (] I P ! (AR _.“ ] | L i XN [T
. m i _.u ] .. . T m Pt X .: ] N A \
3 : T ERREEEBA] Peprt e oeeed S : Tt =t
1 _ B . _ .: _. _.. 1 RN ;_u [ " “.u ._: .: mm
SRR Y ERRN SR RR FRE ERE NN 0 R0 FERRY R RS NN ENARE RN KRN it 1] e
Lm ~m —Fxm “ 3 _.. IS RN “. 'l B H 3 . [ PN P . N 3 1 o
0 Q o = ] Q w
< « o © ™ o~ - o




AN IR e R e e A IR AL A E DU o i bl L s gq\!ﬁ\uJ

=075

.08
~—06

s

1.0

T, 07

1, / - ] ,‘, " - o} - g =] - .
P - - - ] e~
/ Py ,/ P - -
u K M//

bl NN LY LI o o O I
’ T AR N

L IR 1 Ot A K] NN
n NNE I L e _1 RN
NN 1 g NhARN O 1 O O

VY
7
0.8

sl
Z
|

77

i
i
—T
H
1]
H
T
H
s

LA
AL
v
{
|

1
0.6

39

NOLTR 73~225
W28
A
i

0 € X <€ 1.0 (REF 10)

FIG. 25a VARIATION OF THE FUNCTION C WITH X AND M.
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NOTE: ON SHORT BOODIES IT IS POSSIBLE
FOR E TO BE GREATER THAN
Xs IN SUCH CASES TAKE (X -E}=0

%

Reference diameter Do
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= - t
E=(e)Stana c — 10 shed voryg,

-
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0 i
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FIG. 27 EXTENT OF UPSTREAM INFLUENCE OF BASE (E) (REF 10)
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FIG. 32 DRAG OF CIRCULAR CYLINDERS OF FINITE SPAN MOUNTED NORMAL TO
FREE STREAM (THE FACTOR N) (REF 10)
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L

A . . X1,-E

In these equations, to find the value of terms such as [A]X s
N

find the value of A at XL-E and at XN and take the difference.

a8 T FRTETTA

Figures 23 to 31 give A, B, C, E, F, H, J, and K. In both

e

Equations (9) and (11), S = 0.2 and is the Strouhal number. On

EOTE

Figures 23, 24, and 25 for finding A, B, and C as a function of XN

X;, and Xj,-E as defined on Figure 26 where:

XN 4N S tan o

XL £ S tan «
E = e S tan o (found directly on Figure 27).

The following table gives the limits of Equations (9) and (11)

and shows how to determine the values of K and F.

:
i o RANGE CHARACTER OF WAKE K F
0° to u0° Steady, Laminar Separation 1 Fig. 28
Turbulent Separation Fig. 31 1
3 30° to 60° Quasi-Steady Laminar 1 1
: Turbulent Fig. 31 | Fig. 28

For the range of a = 60° to 90° the body is in the unsteady wake

regime and:

2 Ap
ACy = sin“alCp 3 ] (12)
v C Spef
where: Cp = KNCp , find C on Figure 33
: ¢ Cx=24 Dey=2u

and N on Figure 32.
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For the pitching moment:

! Ap

= ain? .
ACy, = sin alCp SoF 1 xop (xcp at high angles of

I

(13)

%
g
2
4
Kl
_é
?
“
@

TRTRSTET Y

attack is the centroid of the body)

e

2S5t

Fattn

i EFFECTS OF FLARES AND BOATTAILS AT HIGH ANGLES OF ATTACK

Thomson also describes how to calculate the normal force and

pitching moment of bodies having flares and boattails. The method

DT L Y P

is not rapid as the one for cone cylinders aescribed in the previous

1 section but requires integrating the viscous crossflow drag over the

body so that:

ac, = 2 S”‘Z“j Cp dx (14)
V. r S % c\dyer ;
L
-4 cos2a 5 d
ac. = Ztoosza | Xdx (15)
m r 82 0 Dc(dref)

where: CDc is obtained from Figure 33, S = 0.2 and

% : X;, = & S tan o, & = total length of body.
i The body is treated as four sections:

(a) nose, where CDc for Xy is multiplied by G from Figure 34
to account for the effect of pressure gradient on the nose.

(b) body, where CDc is taken directly from Figure 33.

(e) upstream influence of base, determine E from Figure 27 and

( H from Figure 29. Find CDc for E from Figure 33 and
multiply by H.

(f) flare or boattail. For a flare multiply CDc by G using

the flair angle as B on Figure 34.
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For the boattail, take CDc at x = 2.4 from Figure 32 as the
crossflow drag coefficient for the boattail. Figure 35 shows what the
developed crossflow drag coefficient would look like. Keep in mind
that such a curve of CDc versus L has to be corrected to the local
body diameter when integrating for the total croussflow drag. Also
when finding the turbulent viscous forces, multiply by K from
Figure 31 except for the case of the boattail where only the region

ahead of the boattail is multiplied by K.

(ACNu)BT - NORMAL FORCE SLOPE COEFFICIENT CONTRIBUTION OF A BOATTAIL
NEAR o = 0 -DEGREE FOR SUBSONIC AND SUPERSONIC SFEEDS

A boattail causes a negative normal force which subtracts from

the normal force of the cylindrical body nose.

2
Sbt dpT
(ACny)pr = BT 55 |1 - '(dc

(16)
K = 2 where dpp/de > 0.8 (Ref. (2))
where: Sp; = cross-sectional area of boattail at
its smallest diameter
dpp = diameter of boattail at its smallest
diameter
d, = diameter of boattail where it joins body
Sg = reference area of nose-cylinder CNa

The center of pressure of the boattail is assumed to be located at

0.6 of the boattail length measured from the body boattail juncture.

The above expression was derived for boattail angles of 10° or less

and ratios of d-BT/dc > 0.8.
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Where the boattail is replaced by a cylindrical boom of
diameter ratio to body of 0.3 or less at attachment point, the
CNa of the boom may be ignored.

For boattails where dgp/d, is less than 0.8, use Figure 36 to
find the factor KpT and the center of pressure of the boattail. At
supersonic speeds, Figures 37 and 38 give CNaBT and xqp/tpr for
boattails on infinite cylindrical bodies. This means that local
flow conditions upstream of the boattail are equal to free-stream
conditions. These charts which were taken from the AMC Handbook
(Ref. (2)) were derived from linearized theory calculations and
slender.body theory predictions.

(ACNa)f - NORMAL FORCE SLOPE CONTRIBUTICN OF A CONICAL-FLARE

AFTERBODY o NEAR 0 DEGREE FOR SUBSONIC AND SUPERSONIC SPEEDS

The contribution of a conical-flare afterbody to the normal

force based on slender-body prediction is:

S¢ 4o \2
(aCy ). = 2 — l -f{— (Ref. (2)) 17)

and the center of pressure is:

d

o L) ]
L

(an overall value of 60% may be used)

’ (18)
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FIG. 37. NORMAL FORCE COEFFICIENT GRADIENT
FOR A BOATTAIL ( REF, 2)
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The important geometric parameter is the ratio of forebody
cylinder diameter to base diameter. Flare angle and Mach number do
not influence the flare normal force within the limitations of
slender-body assumptions. The effect of upstream flow conditions
ahead of the flare are not accounted for. Since separation is likely
to occur at the body-flare junction, these predictions are not apt to
be realistic.

Figure 39 gives ACNaf over a Mach number range of 0 to 2.5
(Ref. AMC Handbook) and should be used in preference to Equation (8).

ESTIMATING NORMAL FORCE AND CENTER OF
PRESSURE OF FINS

The basic fin configuration is four fin panels attached to the
body in the horizontal and vertical planes. In estimating the normal
force contribution of the four panels, only the two panels in the
horizontal plane are considered. All of the methods outlined here
for estimating CNafe and Xop are for isolated panels not attached to
a body. Body-fin and fin-body influence factors are used to correct

the isolated panel normal force to a panel force attached to a body.

SUBSONIC SPEEDS

a. CNafe AND Xops © NEAR 0 DEGREE

The normal force of the fins is first calculated as a flat
plate detached from the body and positioned in the horizontal plane.

The normal force coefficient slope based on lifting line theory is:

c
Nafe _ 2n (Ref. (2))

1/2
AR 2 + [(AR)2(82 + tanzgg) + u]

(19)
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NOTE: AR = ASPECT RATIO = bez/sfe
be = EXPOSED FIN SPAN
Sfe = EXPOSED FIN AREA
A /25 FIN SWEEP ANGLE AT MID-CHORD

g = \/1 - M2
FOR LOW ASPECT RATIO: M=0TO 0.6

1.6~
z
3 1.2 p~
<
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[31)
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: ¥ 08
3 N
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3 ]
X 2 o4l
U 0.4
0

6 8 10 12 14 16

AR [ﬂ2+ TANZAC/z] 1/2

FIG. 40" SUBSONIC FIN NORMAL FORCE COEFFICIENT GRADIENT (REF 2)
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FIG. 41 FIN PANEL GEOMETRY FOR USE WITH FIG, 40 (REF 2) |
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¥

3

Figure 40 is a plot of Cx /AR and is good up to M = 0.6. The
(]

A R R TR

center of pressure of the fin is assumed to be 25 percent of the

mean aerodynamic chord aft of the leading edge.

Figure 41 illustrates the fin panel and shows how to use
Figure 40. It should be noted that there is no significant effect
of fin roll orientation on the normal force or xcp of fins as long

as there are an even number of fin panels,

b. FIN-BODY INTERFERENCE (SUBSONIC)

When fins are attached to a body of revolution the
interference between the fin and body causes an increase in the
2 effectiveness of the fins and brings about a 1lift over the body por-
! tion enclosed between the fins. Figure 42 (Ref. (11)) is a plot of
i the multiplying factors Kg(p), effect of fin on body, and Ky(f),
! effect of body on fin. In the figure the span (b)
referred to in the ratio d/b is now the full-fin span as projected
% through the body. Using CNa(we) from Figure 40 for the fins alone,

we have:

S

fe
Uy Cacre o [xf(b>+xb(f)] (Ref. (11))  (20)

where: Sg, = S(fe) *+ (projected fin area passing

through body)

Sge = exposed fin area.
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FIG. 42 FIN-BODY INTERFERENCE FACTORS ~ SUBSONIC (REF 2)
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To use CNafw with the body normal force components the

coefficient must be referenced to the body area

Sfw
= —2 21
CNafB CNafw (SB ) (21)

c. FIN-FIN INTERFERENCE

The fin normal force calculations have been for a four-fin
configuration where two fins have been assumed to act in the hori-
zontal plane. For six-and eight-fin configurations, multiply the
four-fin values by 1.37 and 1.62, respectively (Ref. (2)).

TRANSONIC SPEEDS - CNafe AND Xop © NEAR 0 DEGREE

For rectangular fins of very low aspect ratio linearized
slender-wing theory predicts that CNa = (w/2)AR. Utilizing transonic-
similarity laws, McDevitt (Ref. AMC Handbook) obtained from experi-
mental data the correlation shown on Figures 43 and 44, Note that
here the wing thickness ratio t/c is an important factor.

For M = 0.6 to 1.4 to calculate CNyfe for either rectangular
or swept fins, use the method from the U.S. Air Force Stability and
Control Handbook (Ref. (1)). This method calls for plotting a
curve of CNafe from M = 0.6 to 1.4. For thin wings or low-aspect
ratio wings, the curve shows an increase in slope from M = 0.6 to a
high value near the critical Mach number (Mpp) and then through M4
and Mp to the value at .. = 1.4, The charts cf Figures 45a to e are
used as follows:

(1) Find C for M = 0.6 from Figure 40

No(fe)
(2) Calculate Mpg from Figure u45a for zero wing sweep

(3) For wing with sweep obtain a corrected M(pg), from

Figure u45b.
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FIG. 43. NORMAL-FORCE COEFFICIENT GRADIENT FOR RECTANGULAR FINS,
TRANSONIC SPEEDS (REF 2)
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FIG. 44, CENTER OF PRESSURE FOR RECTANGULAR FINS, TRANSONIC SPEEDS'(REF 2)
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TRANSONIC SPEEDS
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FIG. 452 TRANSONIC FORCE-BREAK MACH
NUMBER FOR ZERO SWEEP (REF 1)
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FIG. 45 b TRANSONIC SWEEP CORRECTION FOR
FORCE-BREAK MACH NUMBER (REF 1)
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TRANSONIC SPEEDS (CONT'D)
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FIG. 45¢ CORRECTION TO LIFT-CURVE SLOPE
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FIG, 45e CHART FOR DETERMINING
LIFT-CURVE SLOPE AT My (REF 1)
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(4) Find Cy using Figure 40 for Mpp
a(fe)

NOLTR 73-225

(5) Find actual [Cy ] from Figure u45c using

C
a(fe) FB/ Ny (fe)

(t/e) ratio

(6) The value of My = Mpg + 0.07 (22)
(7) [C ] = (1 - a/e)LC,. J__ where a/c is found on
Na(fe) a Ny(fe) FB
Figure u45d (23)
(8) The value of My = Mpg + 0.14 (24)
(9) [c ] (1 - b/e)IcC ] _ where b/c is found on
Nu(fe) b Ny(fe) FB (25)
Figure UuSe
(10) Find CN (fe) for M = 1.4 use the methods in the section
a(fe

on CNa of Rectangular Fins at Supersonic Speeds

SUPERSONIC SPEEDS

a. AND x,, RECTANGULAR FINS, o NEAR 0 DEGREE

CNafe p

On rectangular fins at supersonic sneeds there is a loss
of 1ift on ine tips which according to Evvard's theory (Ref. (12)) is

half of the two-dimensional value. TFor a finite fin panel

1
Cy = 4 1 - i when AR >3 (26)
a(fe) B 2B8AR

When the span is short enough that the Mach cones from the tips

intersect, then the expression for normal force slope becomes,

b A e sl LK BT e O oL oas
YRPEN [N Aaion L3 AER At

2 | 281 + Ag + A3 1

Cn = = when AR < s (27) ,

a(fe) 8 AT :
Pl
g
¥
(See Fig. 4g note A, drops out in the j%
; solution) g
where: BAR 2 0.5 use the chart on Figure 47 %
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The above expressions are based on linear theory and are good
up to o = +10°,

b. CNafe AND Xap SWEPT FINS, o NEAR 0 DEGREE

The charts shown on Figures 48 and 49 (a, b, c) were taken
from the AMCP Handbook (Ref. (2)) and are part of a more complete

coverage of wing planforms made by E. Lapin. Note that » is the tip-

to-root-chord ratio.

c. FIN-THICKNESS EFFECTS

When Mach lines lie on or near the fin leading edge, there
is a loss in normal force from the theoretical value. Figure 50
(Ref. (2)) gives a correction factor for this loss. To use the
figure:
(1) find AYL equal to the diff:zrence between upper surface

ordinates at the 6 and 15 percent chord stations (in percent
of chord).

(2) ay; = Ay/cos Agg

(3) for a double-wedge leading edge by, = 5.85 tan §, where
§, is the wedge semi-angle

d. FIN-BODY INTERFERENCE

Mach number and the fin plane geometry are important to
supersonic fin-body interference when considering the effect of the
fin normal force carryover to the body, Kycg). Figure 51 (Ref. (2))
gives Ky (f) for the case where the cylindrical body extends past the

fin trailing edge and for the case where the body is flush with the

fin trailing edge.
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The exceptions where Figure 42 is used instead of Figure

51 to find Kb(f) are:

(1) If BARe < 1 for triangular planforms

(2) I1If BARe(l + Ae)(tan ALE/B + 1) < 4 for nontriangular

planforms

Kf(b) is found using Figure 42 as in the subsonic case.

Another method developed by Morikawa (Ref. (2)) gives a

total fin-body interference factor K = Kf(b) + Kb(f) for use on

cylindrical bodies where the trailing edge of the fin is unswept and

flush with the base. TFigures 52a tc f give K = ACy /CN
a al(fe)

N refers to the
o

N with interference. In other words, the K from Figures 52a
a(fe)

where Cy is for the isolated fin panel and AC
al(fe)

C

through f is used the same way as the quantity (Kf(b) + Kb(f))'

e. TFIN-FIN INTERFERENCE

Supersonic fin impingement was studied by Potter, Shapiro

and Murphree for clipped delta fin configurations where d/b = 1/2

only. The correlation parameter (Ref., (2)):

C

- r
I = Bdc sin m/n (28)

where:

0
"

. exposed root chord

V2 -1

g8 =
d = body diameter
n = number of fins
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The parameter I is shown on Figure 53 as a function of CN
a(fe/2)

which is based on an effective area,Sef:,which is a2 function of the
1

number of fins, n, such that:

No. of fins (n) Sefflsfe/Q

4 1.63
6 2.43
8 3.24

Sfe/2 is the exposed area of a single fin: as one of four fins or

one of six fins not as in previous calculations where it was two of

four fins.
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To use Figure £3 the steps are:
(1) compute I

(2) find Cy from Figure 53
a

fe/2

(3) multiply C by appropriate Sgff/Sfe/?2

Nafin
The result gives CNa for the total number of fins based on the area
of one expesed fin panel. Also it is important to note that

CNa(fe)/2 from Figure 53 does not have to be correctad for fin-body
and body-fin interference. To get CNafb’ the total fin 1ift based

on body reference area:

C
Cy - Nacte)) [ Sets (Sfe/2) (29)
a(£fb) 2 Sfe/2 Sref
where: I < 1 compute Cy the regular way for
a(fe)

four fins and correct by:

CN . CN .
abfins ., o5, _98FiNns . 5 gg (Ref. (2))

CN CN

atFins a4Fins

These fin-fin interference corrections have been derived only for
the fins shown on Figure 53 but may be used when making predictions
for other fin shapes.

EFFECT OF BOATTAIL ON FINS AT SUBSONIC SPEEDS, a NEAR 0 DEGREE

For subcaliber fins (i.e., where the fin span is less than or
equal to the diameter of the boattail body juncture) the fin effec-
tiveness is reduced by a factor which depends on nose bluntness.

The fin normal force is calculated as attached to the boattail so
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that in finding Kg(p) and Kp(f) the ratio d/b uses the boattail

S
diameter (dgr). Then (CNaf)BT = CNa(fe) gfi [Kf(b) + Kb(f)]’
W

Sw

Finally the effect of the boattail is Cy = Kf(sc)(CNaf)BT§——; (30)
re

afpef
where Kf(sc) is shown on Figure 5u.

Where the fin is attached to a boattail and the span is not
subceliber, +the percent of the fin area which is not subcaliber is
not affected by the boattail. The fin normal force CNafe is computed
as explained above and is separated into the percent affected by the

boattail and the percent not affected.

S

C = —¥_ |k (x) + 1.0 - 3 {c ) (31)
Nafref Sref [ f(sc)t¥ K]\ Naf BT

where: x is the percent subcaliber.
For subcaliber ring tails, the boattail reduces the effectiveness
of the ring by a factor of 0.8

NONLINEAR NORMAL FORCE ON FINS AT HIGH ANGLES OF ATTACK

Up to 10° angle of attack the previous methods for getting Cy
of tail fins holds. J. E. Fidler (Ref. (13)) presents an equation

based on empirical methodology where:
= 2 (32)
CN = Cla + C2a

He regards Equation (32) as a truncated power series in a. With

the following boundary conditions:

a =0 a = n/2 a = 1
CN =0 Cy = £(n/2) Cy = 0
Cy = £'(0) Cy = 0 CNofe = —£'(0)
afe afe
88
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i m i m
f\z) seo |, eerco) 328(3) |
Cy.. = £'(0)(a) + - — at + a
fe 112 Tl'2
- -
- “) -
16£( >
2/ _ufro) | oy
+ m 3 a (33)
‘IT w

f(%) may be found on Figure §5. £'(0) or CNafe may be found from
appropriate figures in this report. Equation (33) is good up to a
maximum angle of attack o' as determined by Figure 56. With the
maximum angle for use of Equation (33) determined, the further deter-
mination of CNfe UP to a = 30° is as follows.

(1) calculate CNfe up to af as (CNfe)a' with Equation (33)

(2) find aCN/ACy, from Figure 57

(3) find aCNp from Figure 58

then: CNfe = (CNfe)a' + (ACN/ACNm)CNm.

From «o 50° to 90° a second equation was developed:

Cy, = £(30) + 1.738A - 1.652£'(30)
e
+ [4.82F'(30) - 6.6A] «
+ [7.58A - 4,15 + £'(30)] o2 (34)
+ [1.11F'(30) - 2.31A] «3
where: A = C - £(30)
N, (35)

Cn, from Figure 59
£(30) from Figure 60a, b, c

£'(30) from Figure 61
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For a complete curve of Cyr.  the missing section between a = 30°

and a = 50° must be filled in.

a. CENTER OF PRESSURE OF FINS AT HIGH ANGLES OF ATTACK

Fidler in Reference (13) also has a method for calculating
the spanwise and chordwise centers of pressure of fins. Only the
chordwise calculations are presented here.

Chordwise center of pressure of a fin as measured from the

fin root chord body juncture is:

X A
Zep . (X_EP_) _ ¥ep [1 + F(M)]N (36)
c ¢ Ja=90° c

The procedure is as follows:

X
(a) find (_%R)a-90° as a function of A from Figure 62

(b) find f%R as a function of a for the proper AR and A for
M = 0.98 from Figure 63

(¢) find the variation of E;ER from M = 0.98 to M being
calculated from Figure 64 as F(M),

(d) find N from Figure 65.

Equation 36 in workable form is:

Xep . ("_02) - (iep_) - (’_‘ER) [1 + mn]n (37)
c ¢ Ja=90° ¢ Ja=90° ¢ /M=0.98 -
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(SUBSONIC MACH NUMBER ONLY)(REF 13)
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CENTER OF PRESSURE COINCIDES WITH FIN CENTROID
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FIG. 63 BASIC CURVES FOR XCP/C AT REFERENCE MACH
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NORMAL FORCE OF RING TAILS SUBSONIC AND SUPERSONIC

Figures 66a to f give CNG for ring tails attached to cylindrical
afterbodies over a Mach number range of 0.8 to 3.0. The data were
obtained experimentally from wind-tunnel tests on a particular
4° double wedge ring set at a 4° angle of attack to thg'pgdy. The
center of pressure of the ring may be assumed to be at mid-chord
(Ref. (2)).

EFFECT OF NOSE BLUNTNESS AND BODY LENGTH ON FIN NORMAL FORCE AT

a = 0 DEGREE D
SPEEDS

At subsonic speeds, nose bluntness reduces the effectiveness of
fins where r./rq > 0.25. Figure 67 shows this effect and applies
nere for AR up to 1.8. Also note that body length has the opposite
effect. This .urve was developed mainly from the AEDC experimental
data from Reference (6). To use the factor Kg(y), first find
CNafbby the theoretical method corrected for body interference

effects and referenced to the body area.

CNos(N)b = CNafb Kf(N) (38)

At supersonic speeds, Figure 68 gives the factor Kg(yy also
derived from Reference (8). The body length has no effect with
the bluntness. Above an aspect ratio of 1.0, and M > 1.2 there is
no effect of nose bluntness.

In the range of a = 12° to 15° at subsonic speeds, the nose
shape has little effect on fin normal force; however, there is still
an effect of body length and fin-aspect ratio. Figure 67b shows

Kg(N) at a = 12° to 15° for subsonic speeds. At supersonic speeds,
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there is a definite effect of fin-aspect ratio on fin effectiveness

at higher angles of attack. Nose bluntness and %2/d do not have any
effect here. Figure 67b shows this effect for a = 12° to 15° over

the Mach number range of 1.1 to 1.5. J. E. Fidler (Ref. (13)) pointed
out to the author that for angles of attack greater than zero, the
usual fin effectiveness factors Kf(p) and Kp(f) derived by Pitts,
Nielsen, and Kaattari of Reference (11) would not suffice at higher
angles of attack because there would be an effect of the vortex from
the body on the fins not accounted for, These factors of Kf(N) at

a = 12° to 15° shown on Figures 67b and 68b are probably related to

this body vortex effect.

EFFECT OF ADDING FIN-TIP CAPS TO FINS AT SUBSONIC SPEEDS AND
SUPERSONLC SPEEDS

Fin.tip caps give added fin normal force without increasing the
span. Fin-tip cap normal force may be calculated by treating the
tip caps as additional horizon-al fins. Use Figure 40 to find
CNafe for the top and bottom tip caps on the vertical tail of a four-
finned configuration. The normal force slope (Cyg,) calculated by
Figure 40 is affected by the nose bluntness (rg/rd), aspect ratio
(AR), and the ratio of the distance the tip cap is above the body
surface (y/d). The fin-tip plate factor (Kg) relating all of these
effects is plotted on Figure 69. For flat-face configurations (Kg)
is approximately half as large as for rounded-and sharp-nosed
configurations (re/d 2 0.5).

To find the normal force contribution of a fin-tip cap:

(a) find Cy,ye for one fin-tip cap from Figure 40

(b) find Kc the fin-tip plate factor
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(Sfe) g, (39)

(¢) calculate C =
Naf(cap)B Nafe Sp

C
(d) add CNaf(cap)B to Oy .

where: Cy £B is found by Equations (20) and (21) for
N a

the fins supporting the caps.
The center of pressure of the fin-tip cap may be taken as 0.25 of
the mean aerodynamic chord of the cap. Figure 69 was developed

from wind-tunnel test results of Reference (6).

The effect of adding fin-tip caps at supersonic speeds is the
same as at subsonic speeds. Figure 70 developed from data from
Reference (2) gives the effectiveness factor K, for the fin caps.
The points on the figure show a spread. There does not seem to be
any effect of nose shape or body length or Mach number for the
configurations shown. It is advised that an average value for K,
be used. The only variables are (y), the height of the cap from
the body measured in calibers; and (AR) the cap aspect ratio.

To use Figure 70, first find AR, then calculate SC (using
dimensions in calibers) and determine vy.

Find Ke/y on the figure and calculate the theoretical fin-cap
normal force slope CNafe using Figure 43 through Figure Uu9.

' Calculate Cy using Equation (30).
Qa

f(cap)B

CALCULATION OF Cy AND Cy FOR
COMPLETE CONFIGURATION

The AMC Handbook (Ref. (2)) gives a good calculation procedure
in the form of a table with detailed instructions. The author

advises studying this handbook and the AF DATCOM Handbook (Ref. (1))
before proceeding with design calculations.
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What have been presented so far are reprints of calculation
charts from both handbooks with the addition of modifications to
cover the blunt shapes.

Figure 71 shows a sample blunt shape, and the two basic
equations for obtaining Cy and Cp. Calculate Cy and xcp for each
component. Reference all component coefficients to the same
reference area - usually the body cross section area. Then add the
components as shown.

Up to about a = 4° to 6° Cy for a body is linear with the
exception of &/d < 2.0. Above this crossflow drag must be introduced.
Table 1 reviews the component calculations of the report.

Table 2, page 122, lists and analyzes a bibliography of material
which has blunt-body information. In the original search for
material to include in this report these sources of material were
studied. In most cases the configurations are so specialized that
they were not adaptable for use in making the curves and charts of
the report.

Appendix A demonstrates a computation of CN and x_ of a
typical blunt configuration with a comparison to experimental

results. The configuration shown was tested in the NOL Supersonic

Tunnel No. 1.
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TABLE 2. ANALYSIS OF CONTENTS OF ITEMS IN BIBLIOGRAPHY

NOLIR 73-225

BIBLI- CONFIGURATION AERODYNAMIC INFORMATION
OGRAPHY

ITEM | MACH NO. STATIC PITCH ROLL DATA OR

NO. RANGE /4 | NOSE [sODY |TAIL STABILITY | DRAG | DAMPING | DAMPING | MAGNUS | THEORY

i 0.40701.3] 1.76 B cls X X X DATA

2 0.6701.5 [31011 | B,H,0 | ¢ | 0,5.¢C X X DATA

3 0.8701.2 |61015| 8,C,H,0] ¢ | © X DATA

g 4 0.75703.0| 3 s c|r X X DATA
: 5 SUBSONIC DISPERSION BOMBLETS DATA AND

1 THEORY

6 0.6701.3 |4706 | 8 clc X DATA

3 7 0.6701.3 |6 B clc X DATA

? 8 0.2701.2 [31011 | 8,0 c |s0cs X X X DATA

9 0.6701.3 |5 B clc X X DATA

10 0.6701.4 |3 B,8' c | re X X DATA

; n 0.6700.95 | 2,4 B,P R | s,w X DATA

? 12 0.2704.0 |1704 | 8,C 8 |0 X X DATA
3 13 0.8702.2 |9 0 c|s X THEORY
. SUBSONIC | 12 o c|s X THEORY

15 0.7701.2 |3 8,c,e0 | ¢,8 o X X DATA

16 0.25700.80] 0.5T0 2| 8 clo X X DATA

17 0.7701.01 | 2.3 BO s X X DATA

: 18 0.6701.2 |2 B c|Fp X DATA

19 0.13 4108 | 8,80 e8| s.R X X DATA

20 1.2704.0 16,7 85 8| e X X DATA

‘ 21 1.3704.5 |5 BICONIC| O | sw X DATA

' 2 1.7103.7 |5 8S (s X X DATA

‘ 23 3 9 c,cB B | sE X DATA

24 0.25 6108 | B,HO | cB|C X X DATA

2 0.25 5.5 0 e c X X DATA
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TABLE 2 (CONT'D.)
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EWORRPR I :
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3
BIBLI- CONFIGURATION AERODYNAMIC INFORMATION
; OGRAPHY
| ITEM MACH NO. STATIC PITCH ROLL DATA OR
i NO. RANGE I/d | NosE | sopy TAIL | STABILITY | DRAG | DAMPING | DAMPING | MAGNUS | THECGRY
26 (.74701.8 [1TO03 | B R S X X DATA
s 27 SUBSONIC TO
{ SUPERSONIC [77012| © C $ X THEORY
28 0.1370 2.86(2,5 8 C e} PRESSURE DATA
! DIST.
[ 29 0.67018 |5 o] cB s X X X DATA
30 0.2701.5 [3101i| 8,0 |¢C 5,0,c,w| X X DATA
31 0.9701.2 |9 BO C o X X X X DATA
32 0.7702.5 |5 80 CH o X X X % X DATA
33 0.5T01.1 |8 8,5 | cs S X X X DATA
34 0.5701.2 |4 B,h |c,B s X X DATA
35 0.3101.2 |4 H c.B s X X X DATA
36 1.7703.8 [4TO07 | BS cs F X X DATA
4 Mc=0 T00.7| >3 ¢c,0 | C 0,8,F X THEORY
38 0.3701.2 |4 B C S X DATA
39 0.51T01.2 |2.5 B C F X X DATA
40 0.7703 3 BH,S | C S X X DATA
KEY TO CONFIGURATION LETTER SYMBOLS
NOSE B - BLUNT BODY B - DOATTAIL TAIL B BOX
C - CONE C - CYLINDRICAL C RECTANGULAR WITH CAPS
O - OGIVE H - HEMISPHERE BASE E END PLATES
P - PYRAMID Q - NO BODY F FLARE
S - SPIKE R - RECTAMGULAR o) NO TAIL
H - HEMISPHERE * - WITH BANDS P PLATE
* - WITH BAND R RING
“ -  WITH SPOILERS 5 RECTANGULAR
W - WRAP AROUND
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APPENDIX A

CALCULATION OF CNy AND C AT M = 0.85 OF TYPICAL

Body-Alone (Figure la)
(1) «a = 5°

Cy = Cy,(a) + Cy, pple)
CNa = 2.5/rad (Fig. 2)
Cn = -0.486/rad (Eq. (16))
aBT

Cn = 2.5(5/57.3) - 0.486(5/57.3)

a=59°

CN = 0.218 - 2.042 = 0.176
a=5°

Moments about the nose:
CN Xcp = CNg *cpp * CNBT ¥cp(BT)
0.176 Xep = +0.218(-1.25) - 0.042(-6.60C)

+0.004/0.176 = +0.023

a = 10°

Cy = CNa(a) + CNa2(0)2
Cn
a=10°
CNa=lO° = 0.u86
Effect of Boattail

Cy = 0.486 - (0.174)(0.486) = 0.402
a=10°

2.42(0.174) + 2.15(0.030)

1

Xep = (Xep) ,.g + D10

Xap -l.44% - 5.6(0.174) = 02.41

BODY~-FIN CONFIGURATION WITH COMPARISON TO EXPERIMENT

(Fig. 9)
(xchT = 003)

(from nose)

(Eq. (5))

(Fig. 12b, 13b)

(Fig. 1l4b, 15b)

(From nose)
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Moments about nose:

CN %cp = CNg Xcps * CNpp Xcp(BT)

0.402 xcp = -0.486(-2.41) + 0.084(-6.6)

Xep = -0.6166/0.402 = -1.534 (From nose)
a = 20°, 30°, 40°

Cy = 1/2 CNu sin 2a + ACNv + CNpp (Eq. (8))

XL-E XL-XBT

KF sin a cos a S

= cot o BN 4 A Y E L wrag +
¢ XN X1,-E

X
: 1
% iiﬂgiz_ J( ch(%>Pef dx (Eq. (9), (14))

X, =XBT
(Where a!
X

= a - 15° and
- 1
BT ° ZBTS tana')

K | F | s |dg]H E | Xy | %, |XL-E | Xp-Xpr

20°
30°

40°

0.56|0.88{0.2(0/0.91|0.125]|0.036{0.505(0.380| 0.u442
0.54{0.75]0.2]0{0.94|0.126|0.058|0.799|0.673| 0.699

0.50(0.670.2|0(0.960.135(1.0841.161|1.026| 1.015

AXN | AXL-E|AXL-XBT|CDc/F|ACNy |1/2CNgsin2a| CNpT CN

20°( O

30°1 0

yo°| 0

0.C10}0.61 0.72 1.22 |0.561 0.803 -0.169 [1.20

0.015}1.20 1.245 |1.30 [1.137 1.083 -0.252 [1.968

.787 3.081
413 1.231 - 4,64

w

0.030(2.07 1.98 1.50
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C, = 1/2 CNu Xcp sin 2a + ACp, (Eq. (10))
BT

_d XN X1,-E X1,-
——— = T cot a [C]0 + [B]xN + H[B]XL—E +

|+
0
(o]
wn |n
ol
=4
[l
(@]
O
0
P S

)xax (Eq. (11), (15))

d
XL-XBT ref

[where X = (2 - )S tanal

X epBT

@ [CxN|BxN BXL-E|BXL-XBT| 8Cmy CmBT |Xcp(nose) Cm(nose)

200 0 | o [o0.13| 0.185 |-2.018|+1.115| ~1.587 | -1.905
30| 0 | o [0.43] 0.u43 | -4.032{+1.66 | -1.893 | -3.725
-6.722 ~2.737 | -8.26
[e] -
40°1 0 10.0311.12) 1.07 |4, 39y 2.996 |-13.912

B. Tail Fins (Fig. la)

Since M = 0.85 is beyond the range of Figure 40 for finding

CN a curve of Cy versus M must be constructed.
*(fe) *(fe)
Find Cy at M= 0.6 AR = 1.56 (Fig. 40)
¢(fe)
CN = 1.59/rad Ac = 80°
%(fe) 7
(Mpp)p-g = 0.89 (AR = 1.56, t/c = 23%) (Fig. u45a)
(Mpg), = 0.96 (Fig. u5b)
(Cy ) = 1.80/rad at (Mpp) (Fig. u0)
*(fe) FBa=0 A
Correct Cy = 1.80 (0.88) = 1.60/rad (Fig. u45c)
“(fe)FB:A




M

CN = (1 - 2)(cy )

u(fe)a

NOLTR 73-225

a = (Mpg), + 0.7 = 1.03

@(fe) FB=A

Mp = (Mpg)a + 0.14 = 1.10

cn = (1 - ey )

1.35 at My
%(fe) FB=A

From Figure 2a Cy = 1.5 at M = 0.85

Use Equation

Find a«' from

Cfe

(33) to calculate Cyg, up to a'

Figure 56 for AR = 1.56 » = 0.7, a' = 15°

f(%) = 2.8 (Fig. 55)

CNfe = CNGfe

For «

0

+ [0.459 - 0.205] [

(Eq. (22))
1.12/rad at M,
(Eq. (23) Fig. 45d)
(Eq. (24) Fig. u45e)

»

*
AN o
e —

P

L
=

gt g

e oo

G aae s del o ks

10° and 15°

0.001 0.3289, a
0.005] = ]0.5251, «

io0°
15¢°

"}
r 16 (X 32£(Z 1
2] SCNage | o |ECNa 2/ | 3
(a) + - —}]a" + - a
2 . 2 3
L m 1 i -é]
»
16fG) e i
— N !
2 Cfe 4 |
$ ﬂq - "3 (Eq. (33)) :
L
For a = 5° C = C = 1.59 (5/57.3) = 0.14 i
or a Neo Nage (5/ ) = 0.1
A
L174 0.030 0.005 1
“ogo| t [4.53 - 2.5310g ops| * [1.29 - 2.89] | g, 018 ¥
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— 20 - 15 )
= = 0.33 . 57
30 - o 30 - 15 _ ° (Fig )

ACy

= 0.31 ACNp = 0.35
ACNm

6Cy = 0.1085

CNp, = 0.5249 + 0.1085 = 0.633y
a = 30°

a - a' 30 - 15 _
30 - « 30 - 15

ACN
= 0.75 aCy = 0.262
ACNRL
Cy = 0.5249 + 0.262 = 0.7869
fe

To calculate CNfe at o« = 40, first calculate CNfe at a = 50° using

Equation (34) and fair the curve between the values at « = 30° and

50°.

(@}
=
h
(0]
"

£(30) + 1.738A - 1.652F'(30) (Eq. (34))
+ [4.82F'(30) - 6.6A]a
+ [7.54A - 4.15F'(30)Ja2

+ [1.11£'(30) - 2.31A)a3

ey gn e

~odlet ser o ATaer anle mem en s
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£(30) = g,91 (Fig. 60a, b)
£'(30) = 9.70 (Fig. 61)
| CNC = 1.1 (Fig. 59)
E‘ A= CyN, - £(30) = 1.1 - 0.91 = §.19 (Eq. (34))
= 0.91 + 1.738(0.19 ) - 1.652(0.70)= +0,08%
£ Nfe
‘ + [4.82(0.7) - 6.6(0.19 )]0.87s = 1.%5
‘ + [7.5(0.19) - 4.15(p.70)J0.761 = -1,12
3
+ [1.11¢(0.70) - 2.31(0.19)70.66Y4 = 0.22
. 1.03
]
: From Figure 2a, CNge = 0.93 at a = u40°
; C. Total Cy for Body + Fins
: CNp = CNg * CNyp * CNpp + CNypr * CNpp
. - = Q° 4 o
where: CNFB CNfe (0.806) for a 0° to 15 } see Fig. A-1
= CNge (1.088) for o = 16° to 90°
See Table la for values of CNFB
D. Center of Pressure of Fins
X X Ax
=2 = (=) - (—R])r[1+ FDIN (Eq. (38))
c ¢ Ja=30 c
Tep
= - = | i
o Ju=900 0.58 for A 0.70 (Fig. 63)

X
Find —%B for M = 0.88 for « = 5°, 10°, 20°, 30°, 4Q°

from Figure 63, See Table la for values.

T T
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aAx % %
cp _ [*c c
( c )M=°°99 i (—EE)G=90 " (_EE)M=0.98 (Eq. (37))

See Table 1la for values.
At M = 0.85 F(M) = 0.20, N =1 (Fig. 64, 65)
Ax
See Table la for values of —EER [1+ F(M)]

X Ax
P . _g.58 - —<P [1 4+ F(M)] see Table la
C C

X
Xop from leading edge of fin is —%R (0.87)

Xep from nose of body is -6.07 + x¢p

Total Pitching Moment Referred to Nose of Body

CnT = Cppg * Cppp See Table la for values.
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Table A-1
RESULTS OF HANDBOOK CALCULATION OF CN & Cy FOR

A TYPICAL FREE FALL SHAPE, M = 0.85

] BODY
INVISCID VISCOUS

- ®Np *epp “Nyg *epvg

s°l0.218, Fig. 2 |-1.25, Fig. 10 -

10°|0.421, Fig. 12b|-2.41, Fig. 14b|0.065, Fig. 13b|-2.41, Fig. 1ub
15b 15b
20°|0.803, Eq. (8) |[-1.25, Fig. 10 |0.539, Eq. (9) |-3.653, Eq.((g)
| 11)
? 30°[1.083 Eq. (8) [-1.25, Fig. 10 [1.076, Eq. (9) |-3.37, Eq. (9)
’ °]1.231, Eq. (8) |-1.25, Fig. 10 |='87| pq. (o) |=3:37] g E%%)
40°¢1. , Eq. -1.25, Fig. 3513 EQ- 337 q.
\ (11)
: BOATTAIL
; ¢ INVISCID VISCOUS
§ CNpr Xcppr CNvpp XcpypT

5°|-0.042, Eq. (16)|-6.60, Fig. 36| --- ——

10°(-0.084, Eq. (16)]|-6.60, Fig. 36! --- ——-
20°(-0.169, Eq. (i6)!-6.60, Fig. 36/0.007|-6.6 (centroid of BT)

30°|-0.252 -6.60, Fig. 36]0.061{-6.6 (centroid of BT)

41-6.60, Fig. 36]0.162|~6.6 (centroid of BT)
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Table A-1 (Cont.)

s anrn s s e Fioxts rh st 5 aeta ot e ot e aantandal

FINS
a Fig. 63 Eq. (30a) (a)
el |
Npp e /M=0.98 |\"& /M=0.98 o [1 + F(D]
50 0.112 -0.300 0.28 0.34
10° 0.265 ~0.37 0.21 0.25
200 0.693 ~0.4Y4 0.14 0.17
300 0.860 ~0.47 0.11 0.13
1400 1.016 ~0.50 0.08 0.10
FINS
* X
P = 0.58 -~ a X -6.075 + x Cn
c cp cp FB
5o -0.2u ~0.21 -6.28 ~0.70
10° -0.33 ~0.29 -6.36 ~1.68
20° -0.41 ~0.36 -6.43 -4 .46
300 ~0.45 ~0.39 -6.46 -5.56
40° ~0.48 -0.42 -6.149 6. 59

Bl s miud bt o e
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Table A-1 (Cont.)

o CNrp CmTB XCPBody
(from nose)
5° 0.176 +0.004 +0.02
10° 0.402 -0.617 ~-1.53
20° 1.180 -1.905 -1.61
30° 1.968 -3.725 -1.89
0° 3.180, TURB -8.629, TURB -2.74, (turb)
40° 4.806, LAM -14.109, LAM -2.99, (lam)
@ CNy Cm
5¢ 0.289 -0.71
10° 0.686 -2,30
20° 1.873 -6.37
30° 2.828 -9.28
40° 4,202, TURB -14.19, (turb)
40O 5.828, LAM -20.70, (lam)

A-10
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ioo.sﬁlm
o _l Q
A = 60 0.61 3
! '-L_I, ;
t/c = 0,23 < ),
—Cf —
el AR
6.07 i l
6.9 -
A= 0.61/0,87 = 0,70 b
' _e
FIN AREA: Ste = 2(A] + Az) = be CO+a)2+ 7 C
= 0.30 (0.87) (1 + 0.7)/2 + 0.275 (0.87)
= 0,461
o 2
b 2
AR = ) sy = 1.56
: =75 % 041 -
- fe
3
4
S, = FIN + BODY AREA = S, + (A, + A )2
= 0.461 + 2 (0.115 + 0,188)
] S = 1.067
w

TO FIND WING-BODY AND BODY-WING FACTORS USE dBT/be

FIG, 42 dBT/be = 0,450/1.3 = 0, 346 Kb(f) = 0,53, Kf(b) = 1,32
TO ACCOUNT FOR BOATTAIL SHADOW EFFECT ON FIN FIND Kf(sc) = 0,5 ( FIG.54)
i K A AN /s
| fe 2 ] W
, C = C —< K\ + K K < 4y _dl{_w
; N N f(b) b(f)> <f ¢ ><
: 0:f afe SW ( (sc) Sfe Sfe Sref
< ref - -
’ ¢, = Cy 0.461 [4.32 4 0.53\[ 0.5 (0.239) + 0,222 \ 1.067
§ o o | 1.067 0.461 0,461 ) 0.784
X fof e L
;\ v re
3 = 0.806
e CN
{ At

ABOVE o = 10° THE SHADOW EFFECT STOPS

THEN: C = 1.088 CNa
% fe
’ ref

FIG, A-1 TYPICAL FREE FALL SHAPE
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2.0~
] o Mep
] 3 (P——-—A-—-q
Z 150
v i
M
3 v Pb
[ \ /
Y M
1.0 ! ! a1
0.6 0.8 1.0 1.2
M
CONSTRUCTION OF FIN NORMAL FORCE
CURVE AS A FUNCTION OF MACH NUMBER
1.2 —
1.0 |-
0.8 |-
£
Z 0.6 |-
(9]
0.4 |-
0.2 |-
0 | ] | | ] | | ] J

10 20 30 40 50 60 70 80 90
o]

FIN NORMAL FORCE AS A FUNCTION OF a FOR M=0.85

FIG. A-2 DEVELOPMENT OF FIN NORMAL FORCE
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:o’— amem EXPERIMENTAL

O & HANDBOOK METHOD

L& o

BODY & FINS
BODY

o

k BODY

C_ (REFERRED TO
™ NOSE)

BODY & FINS
20

ot T b gt e 2 by

FIG. A-3 NORMAL FORCE AND PITCHING MOMENT COEFFICIENTS
. FOR A TYPICAL BLUFF FREE FALL SHAPE M= 0,85
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